Running head: Diversity of bifidobacteria in microbial source tracking. ruminantium. We then attempted to isolate the host-specific strains. DGGE bands were examined to develop specific probes to screen environmental samples by colony hybridization and further isolation of strains from positively hybridized colonies.
4 (34) . Later, molecular tools enabled the detection of host-specific species to track the source of faecal pollution. B. adolescentis and B. dentium were described as potential MST indicators for human faecal pollution in water (10, 14, 32, 42) . These bacterial species show high human specificity and they are frequently included in the set of best indicators when microbial source tracking (MST) predictive models are developed (3, 9) . However, although many Bifidobacterium spp. have been isolated and a hostrelation has been suggested, only the amplification of the internal transcribed spacer of B. thermacidophilum subsp. porcinum has been proposed as MST marker for animal species (35) . Some of these Bifidobacterium markers have been successfully applied in Europe and some parts of the USA (2, 8, 14, 21, 26, 38) .
In microbial ecology, fingerprinting techniques to explore the diversity of 16S rRNA genes have been used to study bacterial communities, and they appear to be ideal for monitoring community shifts and comparing communities. Denaturing gradient gel electrophoresis (DGGE) is based on sequence-specific melting behaviour and allows discrimination between PCR amplicons of identical seize but with different DNA sequences (39, 41) . The resulting banding profile provides information on the bacterial diversity of the each sample. DGGE analyses of 16S rRNA gene have been successfully used to characterize and monitor gastrointestinal bacterial communities in humans (44, 49, 63) , pigs (46, 52, 53) , cattle (27), and chickens (55) .
The aim of this study was to analyse the diversity of bifidobacteria in wastewaters (human and animal) and slurries, and to assess whether the distribution of species is related to faecal sources. We examined the DGGE patterns of bacteria from the various sources with the aim of identifying host-specific species that could be used as MST markers for animal faecal pollution. We then designed molecular probes to allow the isolation of host-specific Bifidobacterium species from the environment. Their isolation on June 24, 2017 by guest http://aem.asm.org/ Downloaded from could facilitate the development of culture-dependent or molecular methods to provide new MST indicators that improve predictive models on faecal source tracking. Later on, the persistence in the environment of these new indicators should be evaluated by using their respective established methods of enumeration.
MATERIALS & METHODS

Bacterial Strains
The following reference strains were used to establish the proper DGGE gradient and population equivalent (P.E.) of less than 20,000, two between 20,000-100,000 P.E., three between 100,000-200,000 and one high than 2,000.000 P.E. Nineteen wastewater samples were collected from two poultry slaughterhouses receiving weekly 60,000 animals each. A total of 24 samples were collected from pig sources (18 of them were slurries from storage tanks on two farms with 4,000 and 9,000 animals, and six samples were collected from wastewater in two pig slaughterhouses receiving weekly 12,500 and 15,000 pigs. Thirteen samples were obtained from bovine sources (six samples collected from bovine slurries from two different farms with around 200 calves each and seven from wastewater of five bovine slaughterhouses receiving between 900 to 7,750 animals weekly). Samples were maintained at 4ºC until analysis (less than 4 hours).
Nucleic acid isolation
Genomic DNA from bacterial strains was obtained using a protocol described elsewhere (24) . In addition, genomic DNA from the environmental samples was extracted using the QIAamp DNA Blood Mini Kit (Qiagen GmbH, Hilden, Germany), following the manufacturer's instructions to facilitate the removal of PCR inhibitors.
Primers and PCR amplification
Specific amplification of 16S rRNA gene of Bifidobacterium genus was performed using a nested-PCR to prevent a low amplicon yield. The first PCR was carried out with the primers lm26 and lm3 ( (51) . The reaction mixtures and PCR programs used were as described elsewhere (23, 51) . All reactions were performed in a GeneAmp PCR System 2400 (Perkin-Elmer, Foster City, CA, USA).
To amplify 16S rRNA gene of total bacteria the universal primers 27f and 1492r were used ( analyzed using the unweighted-pair group method analysis (UPGMA) and three distance measures were used (Pearson, Dice and Jaccard). Jackknife analysis was done to assess the relative support for the tree topology. Clustering analyses were performed using Fingerprinting II software (Bio-Rad, Hercules, CA, EUA).
Sequence analysis of 16S rDNA amplicons.
Bands obtained with DGGE analysis were excised with a sterile razorblade. DNA was extracted using a QIAEX II Gel Extraction Kit (Qiagen GmbH, Hilden, Germany). The product was reamplified with the primers Bif164 and Bif662 mentioned above. Finally, amplicons were purified via QIAquik PCR purification (Qiagen GmbH, Hilden, Germany) and visualized with agarose gel. The sequencing reaction was achieved using a Big Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA, USA) and adding between 1 µl and 5 µl of DNA, depending on the DNA concentration. The product was purified and analyzed with an automated DNA sequencer (ABI PRISM 3700, Perkin Elmer; Serveis Cientificotècnics, University of Barcelona).
All the 16S rRNA gene sequences were edited and assembled using version 7.0.1 of the BioEdit program (22) . Sequences were subjected to similarity search analysis using the BLASTN software (Wisconsin Package ver. 10.2) and the Ribosomal Database Project II for species identification.
Bifidobacterium isolation and detection by Colony Hybridization
We then attempted to isolate the host-specific strains related with the specific DGGE bands from environmental samples. The main host-specific DGGE bands were used to design DNA probes for use in the colony hybridisation technique. Two different approaches were followed to produce the DNA probes: (i) use of the whole DGGE band The DNA from DGGE bands was extracted from the gel, purified and labelled with digoxigenin according to the manufacturer's instructions (Roche Diagnostics, Mannheim, Germany). Labelling was performed by the incorporation of of digoxigenin-11-deoxyuridine-triphosphate during the PCR with Bif164 and Bif662 primers (18) . The PCR conditions were as mentioned above and described elsewhere. However, instead the previous dNTPs mix, 3 .5 mM of UTP-Digoxigenin, 7 mM of dTTP and 10 mM of dATP, dGTP and dCTP were added (51).
To design short DNA probes, the software ClustalW 1.81 included in the BioEdit sequence alignment editor was used to detect specific regions of the DNA fragments.
Detection of possible loops and internal hybridization was checked using the on line program for primers design Primer3 (v.0.4.0) (http://primer3.sourceforge.net/). The designed probes labelled with digoxigenin were synthesized by Sigma (St. Louis, MO, USA) and sequences are detailed in Table 1 . Digoxigenin-label probes can be detected by using anti-bodies against this molecule.
Isolation of Bifidobacteria environmental strains
Sewage and wastewater from several animal slaughterhouses were used as source of used to perform the colony hybridization protocol as described elsewhere (43) .
Confirmation of the identity of Bifidobacterium isolates
Some of the positive colonies for the different host-specific hybridization probes were cultivated using CBA agar and transferred to RCM broth. One ml of the growth cells was used to extract the DNA following the protocol described elsewhere (24) . The strains were identified by 16S rRNA gene sequence analysis using the Bifidobacterium specific primers lm26 and lm3. Nevertheless, the universal primers 27f and 1492r were used when no amplification was observed with the Bifidobacterium-specific primers.
The conditions used were as described above.
Sequence identity was checked using the BLASTN software (Wisconsin Package ver.
10.2) and the Ribosomal Database Project II for species identification.
GenBank accession numbers.
All sequences were submitted to Genbank under the following accession numbers:
DGGE bands, from JF519638 to JF519674; and isolated Bifidobacterium strains, from JF519675 to JF519695.
RESULTS
DGGE profiles of Bifidobacterium type strains
The PCR and DGGE conditions used in this study are suitable for the discrimination of almost all the reference strains of Bifidobacterium analyzed. However, five of the species could not be amplified with the primers used. These species were B. animalis as melting domains of more than one species by sequence analyses, were not considered for further selection of specific related bands to faecal origins.
Analysis of the DGGE profiles of environmental samples
The DGGE profiles varied with the source of the environmental samples. The profiles of the human and poultry samples were similar, but the pig and bovine samples were more heterogeneous (Figure 2 ). Similar dendrograms were obtained by the different clustering algorithms used. Jackknife analysis was done to assess the relative support for the tree topology. The high stability for poultry and human clusters was assessed by Jackknife analysis (100% for each cluster). However, porcine and bovine clusters showed lower stability (76% and 56%, respectively) probably because of the observed heterogeneity of profiles.
Samples of human sources
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Similar DGGE fingerprints were observed for all the human samples. Although up to nine separate bands were obtained in human profiles, only four of them were shared by all the samples (Figure 3) . Five of them were identified by sequence analysis. The sequences of all the DGGE bands were identical to, or closely related to, distinct species of Bifidobacterium, mainly B. adolescentis ( Table 2) .
Samples of animal sources
In case of poultry wastewater, a single band was detected for all the 19 samples analyzed (Figures 2 and 3 ). This band showed 100% similarity with B. saeculare, B.
gallinarum and B. pullorum.
Higher heterogeneity was detected among the profiles obtained from the 24 samples from sources associated with pigs (Figures 2 and 3 ). The number of bands detected ranged from two to nine. More bands were detected in slurries than in slaughterhouse wastewater. The sequences of seven bands were analyzed and their putative identity was assigned ( Table 2) . Three DGGE bands did not match (with more than 95% similarity)
any of the sequences reported in the online databases.
The profiles of the bovine samples were highly diverse (Figures 2 and 3 ). There was no relation between the diversity and the kind of the sample (faeces or wastewater). Five of the bands were analyzed and identified with the most similar sequences in the online databases ( Table 2) .
Bifidobacterium isolation from environmental samples
Two different kinds of probes were designed to isolate the host-specific Bifidobacterium species from environmental samples. First we used the digoxigenin labelled DGGE band as a probe. To this end, five of the most abundant DGGE bands (around 520 bp)
for each host were selected and then labelled with digoxigenin. The bands chosen were: thermacidophilum). Only the probes HM-B and CW-F detected the target species (Table 3) . However, HM-B was non-specific, since it detected other human-related species. B. saeculare, the unidentified Bifidobacterium species associated with pigs and B. pseudolongum ssp. globosum could not be isolated using these probes. Therefore, in order to avoid possible lack of specificity associated with the length of the probe, new probes were designed ( Table 1 adolescentis and an unidentified pig Bifidobacterium species. Although 594 and 312 colonies were screened by CH with PL-p and CW-E-p, respectively, neither of them isolated the targeted Bifidobacterium species. However, lack of specificity was found CW-E-p, which detected B. thermophilum instead of B. pseudolongum ssp. globosum (Table 4) . Despite of these limitations, differentiation between Bifidobacterium species in environmental samples was possible with this PCR and DGGE analysis. In previous studies the bacterial diversity of faeces from individual was compared. High bacterial variability among samples was described as a function of age, diet or geographic area (32, 52, 57) . In the present study wastewater from different origins was analysed. Low diversity of Bifidobacterium genus was observed in samples from poultry sources, the same single band for all samples was described. The species was identified as B.
DISCUSSION
saeculare. Analysis in silico reported a difference of just two nucleotides with B.
pullorum. The same DGGE profile for the both species was obtained when reference (20, 61) .
Higher Bifidobacterium diversity was detected in samples from pig and bovine sources
Represented by a major number of species and high variability within the samples hampering to identify a common and host-specific species. The lack of homogeneity among samples could be explained through the different diets and/or prebiotics fed to the animals, depending on the farms and age of the animals (37, 54) . In the second part of this study, the environmental isolation of selected Bifidobacterium species was planned in order to select possible MST indicators for further studies.
Different results can be obtained in the analysis of bacterial populations, depending on whether molecular or culture-depending techniques are used. On the one hand, not all environmental bacteria can be cultivated with the media currently available. And on the other hand, lack of specificity was found when using the colony hybridisation with species-specific probes in this study. The lack of specificity was greater when the whole DGGE fragment (~520 bp) was used as a probe. B. adolescentis and a pig-related Bifidobacterium species that is yet to be identified were recovered successfully with the small probes. The poultry (B. saeculare) and bovine (B. pseudolongum subsp.
globosum) related species could not be isolated from the environment, perhaps because they could not grow on Beerens or HBSA media, or possibly due to the low abundance of these species in the samples, as a result of which they were masked by most abundant microbiota. Species other than Bifidobacterium spp., such as Morganella morganii and Lactobacillus spp., which can grow in the selected media, were also isolated with the method used.
In summary, there is variability between the diversity of Bifidobacterium populations from wastewater from human and other animal sources, which allows us to select host- adolescentis and the pig-related Bifidobacterium species. However, the other selected species could not be isolated from the environment and unspecific bacteria were detected instead. 
